Background: Cervical cancer, a rare outcome of high-risk human papillomavirus (HPV) infection, disproportionately affects African American women, who are about twice more likely than European American women to die of the disease. Most cervical HPV infections clear in about one year. However, in some women HPV persists, posing a greater risk for cervical dysplasia and cancer. The Carolina Women's Care Study (CWCS) was conducted to explore the biological, genetic, and lifestyle determinants of persistent HPV infection in college-aged European American and African American women. This paper presents the initial results of the CWCS, based upon data obtained at enrollment. Methods: Freshman female students attending the University of South Carolina were enrolled in the CWCS and followed until graduation with biannual visits, including two Papanicolaou tests, cervical mucus collection, and a questionnaire assessing lifestyle factors. We recruited 467 women, 293 of whom completed four or more visits for a total of 2274 visits.
Introduction
Because of effective Papanicolaou screening, the US has a lower incidence of cervical cancer than many other countries in the world. However, it is estimated that 12,340 women will get cervical cancer (8.1 per 100,000) and 4030 will die of the disease (2.4 per 100,000) in the US in 2013. Cervical cancer incidence and mortality rates are higher for African American than for European American women. African American women are 1.2 times more likely to be diagnosed with cervical cancer, and have mortality rates twice those of European American women.
Human papillomavirus (HPV) is the etiologic agent for cervical cancer. 3 The natural history of cervical HPV infection is characterized by a transient asymptomatic infection that usually resolves without producing cytologic abnormalities. 4, 5 About 10% of HPV infections persist, leading to cytologic abnormalities of the cervical squamous epithelium, yet the majority of these infections will also resolve if left untreated. 6 A small fraction of HPV infections lead to severe dysplasia that may, in turn, lead to invasive cervical cancer. [3] [4] [5] It is often suggested that cervical cancer disparities may be a consequence of lack of access to Papanicolaou screening and follow-up. 7, 8 In addition, biological mechanisms, including those that would increase risk of HPV persistence, may play a role. Therefore, we designed a longitudinal cohort study, the Carolina Women's Care Study (CWCS) , that would control for access to health care, and allow for an exploration of biological and genetic determinants of HPV persistence in African American and European American women. This paper describes the design of the CWCS and compares HPV prevalence in European American and African American participants at enrollment.
Materials and methods

Study design
The CWCS was a prospective longitudinal study, with enrollment commencing in November 2004 and follow-up continuing through April 2011, on the Columbia campus of the University of South Carolina. The goals of the study were to gather information on the incidence and persistence of cervical HPV infections, and to elucidate behavioral and biological determinants of the natural history of HPV in a cohort of college-aged women attending the University of South Carolina. In addition to identification of HPV status and type, potential biological determinants of HPV persistence to be explored included germ line single nucleotide polymorphisms in blood-derived DNA, cytokine protein expression profiles in cervical mucus, and gene expression profiles in exfoliated cervical cells. Lifestyle cofactors considered include diet, stress, physical activity, depression, feelings of social discrimination, and sexual history. Approval for the study was obtained from the University of South Carolina institutional review board on July 29, 2004 and renewed annually thereafter.
The overall design of the CWCS is shown in Figure 1 . During the initial visit, blood specimens were obtained from study participants in collection tubes with and without EDTA. These samples were processed and stored as serum, plasma, and clot. Participants returned for biannual visits, one each fall and spring semester, during their time of enrollment at the university. At each visit, participants were given pelvic examinations, which included collection of cervical mucus and two Papanicolaou test samples. At the end of each study visit, participants completed a self-administered survey assessing their nutritional, exercise, and sexual history, as well as their emotional/psychosocial profile. 
Dovepress
All women between the ages of 18 and 22 years, enrolled for a minimum of 12 credit hours at the University of South Carolina, and classified as freshmen, were eligible for participation. Eligible participants were recruited through informational sessions, posters, pamphlets and a CWCS website, and through direct patient contact while visiting the campus-based Women's Care Clinic located in the Thomson Student Health Center. At the initial visit, the study nurse practitioner described the study to the students. Those interested in joining the study signed two documents, ie, a written informed consent and a Health Insurance Portability and Accountability Act compliance document. Participants were given a copy of each document for future reference. A unique identifier with the corresponding barcode (Code 39, Barcodesinc, Chicago, IL, USA) was assigned to each new participant, and this number and barcode were used on the biological samples and surveys throughout the study. All of the clinical information, including contact information and unique participant identifier, was entered into a passwordprotected Microsoft Access 2003 database located in the Women's Care Clinic.
Withdrawal and inclusion
Participants could remove themselves from the study at any time. Inclusion required continued full-time enrollment at the University. Participants were automatically withdrawn from the study if they were no longer enrolled full time, if they repeatedly missed their scheduled study visits, or if study personnel were unable to contact them.
Study population
A cohort of 467 female freshmen aged 18-25 years was included in the study, with staggered enrollment from November 2004 through May 2009. These study participants were followed through April 2011. Within this cohort, 293 women completed four or more visits, for a total of 2274 visits.
Study visits
The first study visit included a one-time blood draw with a single venous puncture used to collect two vials of blood. A BD Vacutainer ® tube containing EDTA (BD Biosciences, Franklin Lakes, NJ, USA) was collected and used to isolate plasma, and a silicone-coated BD Vacutainer tube (BD Biosciences) was collected and used to isolate serum and clotted blood, the latter of which was used for genomic DNA extraction. When a blood sample could not be obtained, the study participant was asked to supply a saliva sample for genomic DNA isolation (DNA Genotek Inc, Ottawa, Canada).
At each visit, biometric measures were obtained by the nurse practitioner including height, weight, temperature, and blood pressure. Clinically apparent infections were noted if observed during the pelvic examination and appropriately treated. The pelvic examination included first the collection of cervical mucus and then two Papanicolaou test samples. Cervical mucus was obtained using a Merocel Eye Spear (Medtronic, Minneapolis, MN, USA). The sponge was held in contact with the cervical os for 30 seconds, and subsequently placed into a barcode-labeled empty transport vial that was immediately frozen at −20°C.
Following cervical mucus sampling, two cervical exfoliated cell samples were obtained using standard endocervical and ectocervical sampling methods. The first Papanicolaou test sample was collected in 20 mL of PreservCyt solution (Cytyc Corporation, Marlborough, MA, USA). Five mL of PreservCyt solution containing exfoliated cervical cells were removed and placed into a barcoded 15 mL conical tube for HPV detection and typing, and the remaining sample was sent for cytologic evaluation. The second cervical sample was collected in 2 mL of RNAlater (Ambion Inc, Carlsbad, CA, USA), placed in a 15 mL conical tube labeled with the participant's barcode, and stored at −20°C.
Participants in the CWCS received treatment in accordance with the American Society for Colposcopy and Cervical Pathology guidelines of 2004, which recommended annual Papanicolaou tests for females 18 years of age and older, or within three years of the onset of sexual activity, whichever occurs first. Women with an abnormal cytologic finding, including atypical squamous cells of undetermined significance (ASCUS), a low-grade squamous intraepithelial lesion (LSIL), or a high-grade squamous intraepithelial lesion (HSIL), were referred to colposcopy. If abnormalities were found during colposcopic examination of the cervix, biopsies were taken and submitted for histologic interpretation. A diagnosis of cervical intraepithelial neoplasia 1 was followed with repeat Papanicolaou testing in six months and a diagnosis of cervical intraepithelial neoplasia 2 or above with ablative or excisional treatment. The American Society for Colposcopy and Cervical Pathology guidelines were revised in 2006, recommending that the first Papanicolaou test be performed at 21 years of age regardless of sexual activity. Additionally, the revised guidelines recommend colposcopy following cytologic diagnosis of HSIL, but not for ASCUS or LSIL, for females under 21 years of age. To reflect these submit your manuscript | www.dovepress.com Dovepress Dovepress changes, the study protocol was modified to refer participants to colposcopy as directed by the new guidelines.
A self-administered survey was given to each participant at the end of the physical examination to complete before leaving the Women's Care Clinic. The completed survey was sealed in an envelope marked only with the participant's numeric bar-coded label and returned to study personnel. This survey is described in detail further on in this section.
Study samples
DNA was extracted from exfoliated cervical cells collected in PreservCyt using sodium dodecyl sulfate/proteinase K digestion, followed by phenol/chloroform extraction and ethanol precipitation. Purified DNA was resuspended in 0.1 mL of 10 mM Tris HCL pH 8.0.
The presence of HPV was determined by real-time polymerase chain reaction (PCR) against the L1 region of the HPV genome using PGMY09/11 primers. 9 Each sample was amplified using a final concentration of 200 pM of each primer in the presence of 1× BV buffer (16.6 mM ammonium sulfate, 67 mM Tris-HCl pH 8.8, 6.7 mM MgCl 2 , 10 mM β-mercaptoethanol), 1 mM each of dNTP and 6% dimethyl sulfoxide, 1 unit Platinum Taq (Invitrogen, Carlsbad, CA, USA), and 1× Sybr dye (Invitrogen). Amplifications were performed on a MyIQ thermocycler (BioRad, Hercules, CA, USA) with initial incubation at 94°C for two minutes, then 50 cycles of 94°C for 10 seconds, 57°C for 50 seconds, and 68°C for 50 seconds. The melt curve initiated at 52°C for 10 seconds, increasing by 0.5°C to 92°C. A 1.5 µL aliquot of each real-time PCR was separated by electrophoresis on a 1.5% agarose gel to visualize the 450 bp product expected in HPV-positive samples. In addition to the HPV PCR primers, PCR primers that amplified line DNA (F 5′-TTTTGAGTTAGGTGTGGGATATA-3′, R 5′-AAAATCAAAAAATTCCCTTTC-3′) or the human beta-globin gene (GH20 and PC04) 9 were used to confirm the presence of amplifiable human DNA in the samples.
The INNO-LiPa HPV AMP kit (INNO-LiPA, Innogenetics, Gent, Belgium) and the INNO-LiPA genotyping extra kit (INNO-LiPA) were used to determine the type of HPV present in the samples found to be positive by real-time PCR screening. This reverse hybridization line blot assay is designed to detect and identify 27 HPV types utilizing amplification of the L1 region of the HPV genome. This test allows for the identification of seven low-risk (HPV 6, 11, 40 In addition to the type-specific probes, the linear array contains two "generic" HPV probe mixtures that hybridize with virtually any HPV-derived amplification product. Samples that tested positive for one or both of the generic HPV bands on the linear array, but were negative for the type-specific bands, were considered HPV-positive and included in the analysis for total HPV infections, but were excluded from analysis of low-risk and high-risk HPV infections.
Self-administered survey
A self-administered survey was completed at each study visit. The initial survey included general demographic questions, such as ethnicity, parental education, and standardized college entrance examination scores, as well as behavioral questions involving alcohol, tobacco and marijuana use, physical exercise frequency, and duration. A history of the sexual behavior of the participants was obtained, including age at first sexual intercourse, number of sexual partners, birth control methods used, parity, and any history of abnormal Papanicolaou tests. Relationship histories, such as exposure to partner violence, were also included. A psychologic inventory was obtained using well established scales to assess feelings of stress, depression, or social discrimination. [10] [11] [12] Fruit and vegetable intake was also assessed. The survey used at all subsequent visits (follow-up survey) included all questions from the initial survey with the exception of the static demographic questions. An additional fat intake screener was included in the follow-up survey. 13, 14 Participants were given a self-administered survey that asked questions designed to quantify underlying levels of stress, depression, or feelings of social discrimination. Three complete scales were used. The first, ie, The Global Measure of Perceived Stress (14 questions) is an instrument widely used to measure perceived stress, 10 and although it is a nondiagnostic tool, it is valuable in revealing relative differences in perceived stress among populations.
The Center of Epidemiologic Study on Depression scale was presented in 1977 by Lenore Radloff 11 and has been widely used in the field of psychiatric epidemiology to assess depression. Cutoff values validated for this scale were used in assessing depression in our participants, with a total score ,15 indicating no depression, 15-21 indicating mild to moderate depression, and .21 indicating possible major depression. The Everyday Discrimination scale was added to assess feelings of discrimination. 12 This assessment tool has been widely validated. 15, 16 At each visit, participants were asked to provide information about their diet. We used the Eating at America's 17 At all visits (except for the initial visit) a questionnaire was used to determine fat intake. 13, 14 Database management Study data collected from the Women's Care Clinic at the Thomson Student Health Center, University of South Carolina, were entered into and stored in a database written in Microsoft Access 2003. Deidentified study parameters were exported from the clinical database using Structured Query Language queries and imported into the main CWCS study database (CWCSdb). All laboratory data generated by the analysis of the study samples was entered or imported into the CWCSdb. The CWCSdb contains no protected health information. The CWCSdb is a relational database written in Microsoft Access 2003 and located on a dedicated computer housed in the laboratory of KC. The computer that housed the CWCSdb was set up as a non-networked, password-protected local workstation, and the database is password-protected using security on both the data storage and user interface sides of the database.
Statistical methods
Statistical analyses were carried out using the statistical programming language, R version 2.12.2. 18 Descriptive analyses were performed using means, standard deviations, frequencies, and percentages. Student's t-tests and Chi-square tests were used to assess proportional differences between HPV-positive/HPV-negative samples and between African and European American participants. Additionally, Chi-square permutation tests were performed on the categorical HPV-positive/HPV-negative variables as related to abnormal Papanicolaou diagnoses, and Kruskal-Wallis permutation tests on the ranked order variables for the number of concurrent HPV types.
Results
Study population and HPV positivity at enrollment
Of the 467 women enrolled in the CWCS, 69.8% were European American, 24.2% were African American, 2.8% were Hispanic, and 2.6% were of Asian or Pacific Island ancestry ( Table 1 ). The average age of the participants at enrollment was 18.8 years. At enrollment, 93% of participants were sexually active, with an average age at first sexual intercourse of 16.4 years, and on average 3.7 sexual partners. At enrollment, 31.7% of the CWCS participants were HPV-positive. As expected, among the demographic and life history characteristics of the study population, age at first sexual activity and number of vaginal sexual partners were strongly associated with HPV positivity at enrollment. Only 36 of the 467 women had received at least one dose of the HPV vaccine (Gardasil ® , Merck and Co Inc, Whitehouse Station, NJ, USA) at the time of enrollment and therefore we could not determine a meaningful correlation between vaccination and HPV positivity at this time.
HPV positivity was not associated with the use of barrier methods of contraception (such as condoms) or hormonal treatments including the pill, patch, ring, and Depo Provera ® (Pfizer Inc, New York, NY, USA) ( Table 1) . HPV positivity was associated with withdrawal. HPV-negative status was associated with no use of birth control. The CWCS enrolled 31 women who had not yet become sexually active. Therefore, it was not surprising that participants who reported no use of birth control were more likely to be HPV-negative.
Distribution of HPV type at enrollment
We observed 26 different types of HPV in our study population at the first visit (Table 2) . A total of 364 HPV infections were detected at the first visit, 353 of which could be typed using the INNO-LiPa system. Of these 353 infections where the HPV type could be positively identified, 308 were highrisk and 45 were low-risk HPV types. HPV16 was the single most common type, accounting for 17.6% of all infections observed. Five high-risk HPV types (HPV16, 66, 51, 52, and 18) accounted for 58.4% of all HPV infections detected at enrollment and HPV6 (7.4% of all infections) was the most common low-risk HPV type observed. Interestingly, no HPV11 was detected.
About 20% of participants, or 63.5% of the HPV-positive first-visit samples, were infected with multiple HPV types ( Table 3 ). The average number of HPV types per HPVinfected individual at enrollment was 2.2. Of the participants infected with HPV at enrollment, about 22% had two HPV types and about 16% had three HPV types (Figure 2) . At least one high-risk HPV type was detected in 90% of samples testing positive for any HPV. Therefore, an important goal of the CWCS was to investigate differences in HPV infection between European American and African American women. At enrollment, 38.1% of the African American women were positive for any HPV, while 30.7% of European American women were positive ( Table 3 ). The prevalence of high-risk HPV was 34.5% in African American women and 27.6% in European American women. While these data suggest a higher prevalence of HPV infection in African American women, the difference did not reach statistical significance.
Papanicolaou test results
The overall frequency of abnormal Papanicolaou test results (LSIL and HSIL, including a single case of atypical squamous cells with possible HSIL classified with HSIL) at entry Notes: P-value reflects differences between African American and European American participants. Student t-test was used with variables designated with an asterisk (*). Chi-square test was used to assess proportional differences of the other variables; **at least one dose of the HPV vaccine (Gardasil ® ). Abbreviations: ASCUS, atypical squamous cells of undetermined significance; CES-D, Center for Epidemiologic Studies Depression Scale; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; HPV, human papillomavirus; CWCS, Carolina Women's Care Study; SD, standard deviation; ACT-H, atypical squamous cells with possible HSIL. was 6.9% (Table 1) . As expected, a large difference (about 15-fold) in the frequency of Papanicolaou test abnormalities was observed between participants with and without HPV infection (Table 1 and Figure 3 ). There was no significant difference in abnormal Papanicolaou test frequency among HPV-positive participants, regardless of the number of concurrent HPV infections detected (Figure 3) . The prevalence of abnormal Papanicolaou tests at enrollment was higher in African American women (9.8%) than in European American women (5.8%); however this difference did not reach statistical significance (Table 3) .
Other potential associations with HPV positivity at enrollment
Risk factors assessed in the CWCS that may be associated with HPV infection can be divided into the following submit your manuscript | www.dovepress.com Notes: Proportional differences were assessed between African American and European American participants. The Student's t-test was used for variables designated with an (*) and the Chi-square test was used to assess proportional differences of the other variables; **at least one dose of the HPV vaccine (Gardasil ® ). Abbreviations: ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; HPV, human papillomavirus; CWCS, Carolina Women's Care Study; SD, standard deviation; ACT-H, atypical squamous cells with possible HSIL; HR, high-risk; LR, low-risk; EA, European American; AA, African American.
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categories: metabolic status, emotional distress, and smoking, with the rationale that all of these factors may affect immune function and influence the acquisition and/or course of HPV infection. We used body mass index as an indicator of metabolic status. Our study population had an average body mass index of 23.6 (Table 1) . Seventy percent of study participants had a body mass index within the normal range (18.5-25) for their age and gender. Five percent were underweight (,18.5) and 25% were overweight or obese (.25). In total, 138 individuals (30%) were outside the normal range of body mass index values.
To quantify emotional distress, we utilized scales to assess stress (Center of Epidemiologic Study on Depression Scale), depression (Everyday Depression Scale), and feelings of discrimination (Discrimination Scale). Average values for these scales are presented in Table 1 , and we found no differences in these values between HPV-positive and HPVnegative women at enrollment.
Tobacco use (smoking) is associated with altered immune function. About 11% of CWCS participants regularly used cigarettes ($25 per month), and 71% reported no cigarette use. At enrollment, 14.9% of HPV-positive women smoked regularly, while 9.1% of HPV-negative women reported cigarette smoking. However, this difference did not reach statistical significance with HPV (Table 1) .
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Discussion
Several previous studies have shown that genital HPV infections are common among college-aged women. [19] [20] [21] [22] [23] [24] In a study of HPV infection and risk factors in women attending the University of Washington, 19 .7% of the women tested positive for any HPV at enrollment and the most common HPV type at first infection was HPV16 (10.4%). 19 Similarly, in a study of female students from a state university in New Jersey, 26% of the women tested positive at baseline and the incidences of HPV types 16, 51, and 66 were the highest. 21 In a study of university students in Montreal, the baseline overall prevalence of any HPV was 29% (21.8% for high-risk HPV and 14.8% for low-risk HPV) and the most common types at enrollment were HPV16 (7.0%), HPV53 (4.3%), and HPV84 (3.8%). 22 In the Young Women's Health Study (mean age at baseline, 24.2 years) conducted in Arizona, the most common types of HPV were 16, 39, 84, and 51. 23 Our baseline finding of 31.7% positivity for any HPV (28.5% for high-risk HPV and 8.1% for low-risk HPV) in college-aged women attending the University of South Carolina is slightly higher than these previous reports of HPV positivity in college-aged women, which ranged from 19.7% to 29%. 19, 21, 22 Similar to the study of Ho et al, 21 we found that the three most prevalent high-risk HPV types detected at enrollment in the CWCS were 16, 66, and 51. It is important to note that the INNOLiPA method that we used for HPV typing does not detect HPV84, which was found to be common in prior studies. 22, 23 Early in the CWCS study, we typed HPV in the Papanicolaou test samples by DNA sequencing of PCR products from the L1 region and found that HPV84 was common in our study population. However, because many of our samples contained multiple HPV infections, which make interpretation of DNA sequencing results difficult, we switched to the INNO-LiPA method for HPV typing and repeated the typing using INNOLiPA for all samples.
The first HPV vaccine (Gardasil) was approved by the US Food and Drug Administration for use in the US on June 8, 2006 for prevention of disease caused by two low-risk (HPV6 and 11) and two high-risk (HPV16 and 18) types. We had enrolled 252 participants prior to the approval of the vaccine and 215 participants were enrolled after Gardasil became available. Given that 36 of the 215 participants who entered the study after the release of Gardasil had received at least one dose, vaccine uptake in these women was 16.7%. Gardasil uptake is about 30% in 13-17-year-old females and 9% in 18-26-year-old females in the US. 25 Multiple high-risk HPV infections are common, especially in younger women. 26 In a routine screening population in Scotland, the prevalence of multiple HPV infection was 43.3% in samples that were HPV-positive. 26 Our findings were higher, with 63.5% of the HPV-positive samples containing multiple HPV types. Studies in cohorts of women of a broad age range reported a significant correlation between concurrent infection with multiple HPV types and severity of cervical intraepithelial neoplasia 27 or squamous intraepithelial lesions. 28 In contrast, we observed no significant correlation between infection with multiple HPV types and the presence of cervical abnormalities at enrollment in the college-aged CWCS cohort. However, there were only 32 cases (6.9%) of abnormal Papanicolaou tests (LSIL and HSIL) at enrollment. Therefore, it will be interesting to determine if there is any correlation between multiple HPV 
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types and cytologic abnormalities as we continue the analysis of our longitudinal data. It should be noted that the distribution of Papanicolaou test results we observed in the CWCS at enrollment is consistent with what has been previously reported in other populations of young women, in which the rates of abnormal Papanicolaou tests were 3%-16%. 29, 30 African American women in South Carolina are more likely to get cervical cancer than European American women and about twice as likely to die of the disease. 7 While some of this disparity in risk of cervical cancer may be explained by lack of early detection among women who are not or rarely screened, other unknown factors, including biological determinants, are likely to play a role. A major goal of the CWCS is to explore the incidence, prevalence, and persistence of HPV in African American and European American women attending the University of South Carolina, to identify factors that contribute ultimately to HPV persistence in this population. African American women are well represented in our CWCS study population (24%). At enrollment, African American women had a slightly higher prevalence of HPV infection and abnormal Papanicolaou tests than European American women. Given the size of the study population, the observed differences have not yet reached statistical significance. However, as analysis of the longitudinal data continues in this cohort, we will be able to explore this difference further with a much larger sample size and also compare the natural history of HPV infection in college-aged African American and European American women.
